INTRODUCTION {#sec1-1}
============

Calcium hydroxide (CH) is widely used in dentistry for various procedures such as pulp capping, apexification and as intracanal medicament. CH is used as intracanal medicament to decrease the microbial load during inter appointment treatment regimen.\[[@ref1]\] CH has various properties such as antibacterial activity,\[[@ref2]\] antiexudative action,\[[@ref3]\] biocompatibility,\[[@ref4]\] ability to induce mineralized tissue,\[[@ref5]\] ability to dissolve necrotic tissue\[[@ref6]\] and ability to inactivate bacterial endotoxin.\[[@ref7][@ref8]\] Antimicrobial activity of CH is attributed due to its high alkaline pH. The hydroxyl ions at high pH disrupt the nutritional relationship causing lethal effects on microorganisms.

Chlorhexidine (CHX) is another intracanal medicament that is routinely used in endodontics for reducing microbial growth.\[[@ref9]\] It has properties such as substantivity and broad antibacterial spectrum. Studies have proven that when CH is combined with CHX have synergistic effect on reducing microbial growth.\[[@ref10][@ref11]\] CHX exerts its action by increasing the membrane permeability of low molecular weight ions like potassium and phosphorous at low concentration and precipitation of cytoplasmic contents at a higher concentrations.

Calcium hydroxide is used as an intracanal medicament for apexification procedures and nonsurgical endodontic treatment of large periapical lesions for longer periods.\[[@ref12]\] Although CH is proven to be good intracanal medicament in reducing the microbial growth,\[[@ref2]\] literature (Doyon *et al.*,\[[@ref1]\] Yassen and Platt\[[@ref13]\] Zarei *et al.*\[[@ref14]\]) have shown that there is decrease in mechanical properties of radicular dentin when CH is used as intracanal medicament for more than 5 weeks. Study by Prabhakar *et al.*\[[@ref15]\] has shown that when CH is mixed with 0.2% CHX, there is no alteration in fracture resistance of radicular dentin after 30 days.

Recently, there has been growing interest in evaluating the effect of natural antioxidants in dentistry. Studies by Arumugam *et al.*,\[[@ref16]\] Abraham *et al.*\[[@ref17]\] have shown that addition of antioxidants like lycopene (LP), grape seed extract on bleached enamel have increased bond strength of enamel to composite resin restorations. No previous study has been undertaken to use antioxidants with intracanal medicaments to improve fracture resistance of radicular dentin.

The aim of the present study is to evaluate change in fracture resistance of radicular dentin when CH, CHX combination is mixed with natural antioxidant like LP for 30 days.

The tested null hypothesis was that there would be no difference in the fracture resistance of radicular dentin when intracanal medicaments like CH with CHX and CH, CHX with LP, were used for 1-week and 1-month time interval.

In the PICO analysis format:

Problem - Decrease in fracture resistance of radicular dentin when intracanal medicaments were used for longer periods to reduce microbial growth.Intervention - CH and CHX combination when used as intracanal medicament, change in fracture resistance of radicular dentin.Comparison - CH, CHX and LP combination when used as intracanal medicament, change in fracture resistance of radicular dentin.Outcome - Change in fracture resistance.

MATERIALS AND METHODS {#sec1-2}
=====================

Sample collection {#sec2-1}
-----------------

Extracted human mandibular single-rooted premolars (*n* = 60) were selected. Teeth with root cracks, caries, restorations and previous endodontic treatments were excluded. After extraction, the soft tissues, dental calculus, and stains were immediately removed from teeth and stored in normal saline at 4°C for further use.

Sample preparation {#sec2-2}
------------------

An endodontic access cavity was prepared in each tooth and the working length was determined by visualizing the tip of a size 15 k-file (Dentsply Maillefer, India) extending beyond the apical foramen and subtracting 1 mm from the length of the file. Later, cleaning and shaping of root canals were done using ProTaper rotary instruments (Dentsply Maillefer, India) till F2. Along with instrumentation, 1 ml of 3% NaOCl (Prime Dental Product, India) was used as an intracanal irrigant between uses of each succeeding file. Further, the canals were finally rinsed with sterile saline to remove any dentin debris remained in canal after instrumentation.

Experimental groups {#sec2-3}
-------------------

Teeth were randomly assigned into three groups, each containing 20 samples. Group 1, the control group (CON, *n* = 20), no medicament was applied in the canal. Group 2 (CHCX, *n* = 20) contains 1.5 g of CH powder (Prime Dental Product, India) and 1 ml of 2% CHX (Calypso, Septodont, India) as intra canal medicament. Group 3 (CHCXLP, *n* = 20) contain paste of intracanal medicament formed by mixing 1.5 g of CH powder, 1 ml of 2% CHX and 1 ml of 5% LP solution. About 5% LP solution is prepared by mixing 5 g of LP (Mynutramart, India), which is in the form of powder to 100 ml of distilled water.

In groups 2 and 3, the intracanal medicament paste was applied to the root canal spaces with a sterile lentulospiral (Dentsply Maillefer, India) in a slow speed hand piece (NSK, India) and tamped on the canal space up to the cementoenamel junction level. Later, the access openings of all teeth were sealed with glass ionomer cement (GC Company, India) and sealed apically with flowable composite (Tetricflow, Ivoclar Vivadent, India). Then, each group was subdivided into 10 teeth in each, depending on storage period for 1-week and 1-month respectively. After each storage period, the middle 8 mm root cylinder was sectioned with a low-speed diamond disc and straight hand piece for each tooth. The root cylinder was irrigated with distilled water to remove the medicaments.

Fracture testing {#sec2-4}
----------------

Fracture resistance of each 8 mm root cylinder was tested using Instron Universal Testing Machine (UTM) (autograph). The root cylinders were positioned vertically on lower fixed platform of UTM using a double-sided adhesive tape. A loading fixture was lowered until the tip rested on root cylinder. Then, a vertical loading force was applied at a crosshead speed of 1 mm/min until the root cylinder was fractured. The load at fracture was measured and expressed in Newton units and analyzed using paired *t*-test.

RESULTS {#sec1-3}
=======

[Table 1](#T1){ref-type="table"} represents that the mean fracture resistance of the samples at 1-week period was numerically \>1-month period in all the groups, but a significant statistical difference was observed in CHCHX group. [Table 2](#T2){ref-type="table"} shows the intragroup analysis of fracture resistance of all the three groups at 1-week and 1-month period. There was no statistical difference between all the groups at 1-week. At 1-week period, fracture resistance was high in control group numerically than the other two groups. At 1-month period, fracture resistance was high in control group, and there is a statistical significance difference between control and CHCHX group and between CHCHX and CHCHXLP group. There was no statistical difference between CON -- CHCHXLP groups.
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[Graph 1](#F1){ref-type="fig"} represents the mean fracture resistance of all the groups at 1-week and 1-month time interval. At 1-week, there was no statistical difference in the values whereas there was numerical difference between the control --- CHCHX and CHCHX --- CHCHXLP groups. Between 1-week and 1-month time interval, there was a significant statistical difference in CHCHX group.

![Comparison of mean force at 2 times intervals. Comparison between 1-week and 1-month for experimental groups. †Above the bar indicate that mean compressive strength was significantly different from force required in comparison with the previous period](JCD-18-205-g003){#F1}

DISCUSSION {#sec1-4}
==========

The aim of this study is to investigate whether the addition of natural antioxidant LP to CH-CHX mixture as intracanal medicament has any influence on fracture resistance of radicular dentin. The tested null hypothesis was rejected because there was a statistical significance difference in fracture resistance of CHCHXLP group.

Human mature permanent teeth were chosen in the study as an increase in frequency of fracture with immature teeth has been reported because of incomplete root development and subsequent thinner dentinal walls. To simulate the routine clinical conditions and to include its effect also 3% sodium hypochlorite has been used a common irrigant between the succeeding files during cleaning and shaping procedure of all the samples.

In the present study, the mean compressive strength of samples in control group shows higher values than the groups with intracanal medicament, at 1-week and 1-month period \[[Table 1](#T1){ref-type="table"}\]. This shows the process of dissolution, denaturation and hydrolysis of the organic structure of radicular dentin due to medicaments. Doyon *et al.*\[[@ref1]\] stated that there may be disruption in collagen fibers and hydroxyapatite crystals interaction at alkaline pH due to CH, which may negatively influence the mechanical properties of radicular dentin.

Calcium hydroxide has been used in endodontic treatment of human teeth, often overextended periods of time. Literature supports that there was decrease in fracture resistance of radicular dentin when CH was used as intracanal medicament.\[[@ref13][@ref14]\] In the systematic review by Yassen and Platt many authors (Doyon *et al.* \[2005\], Andreasen *et al.* \[2006\], Rosenberg *et al.* \[2007\], Twati *et al.* \[2009\])\[[@ref13]\] quoted that strength of radicular dentin was significantly decreased at a period of \>1-month. So, time would be required for CH to penetrate into dentin and denature the collagen fibrils making dentin susceptible to fracture.

In the present study in CHCHX group, there was a significant decrease in fracture resistance of radicular dentin after 1-month time interval \[[Table 1](#T1){ref-type="table"}\]. Although this combination has proven to be synergistic in decreasing the microbial growth, it has negative effect on fracture resistance of radicular dentin. This may be mainly because of the release of reactive oxygen species (ROS) by CHX in an alkaline environment. ROS are small, short-lived, and highly reactive radicals formed by incomplete one-electron reduction of oxygen.\[[@ref18]\]

There was no statistical difference between all the groups at 1-week. At 1-month period, fracture resistance was high in control group, and there is a statistical significance difference between control and CHCHX group and between CHCHX and CHCHXLP group \[[Table 2](#T2){ref-type="table"}\].

In the present study when antioxidants like LP was added to the mixture of CH and CHX, there was no significant decrease in fracture resistance of radicular dentin at 1-week and 1-month interval. Though there is decrease in numerical value, this is not a statistically significant difference.

Antioxidants are substances that considerably delay or inhibit oxidation of the oxidizable substrate at lower concentrations.\[[@ref19]\] LP, the red pigment of ripe tomatoes, watermelons, red chillies and guavas, is a tetraterpene with eight isoprene units composed entirely of carbon and hydrogen. This highly unsaturated hydrocarbon contains 11 conjugated and two nonconjugated carbon--carbon double bonds. It is a strong antioxidant and free radical-scavenger because it possesses the property of quenching singlet oxygen.\[[@ref20]\] It neutralizes the hydroxyl radicals and stimulates many antioxidative enzymes such as superoxide dismutase, glutathione peroxidase, glutathione reductase and protects cell membranes from lipid peroxidation. LP has the potential to quench singlet oxygen, scavenge various free radicals like nitrogen dioxide (NO~2~), Thiyl (RS), and sulfonyl (RSO~2~).\[[@ref21][@ref22]\]

Mageshwaran *et al.*\[[@ref23]\] conducted a study on ROS counteraction by antioxidants against *Enterococcus faecalis* in agar diffusion test by mass spectrometer. They concluded that CH and CHX combination group produced excessive amount of ROS, which are detrimental to the host tissues and reduced ROS formation in CH, CHX and LP combination group. The results of present study showed the decreased fracture resistance of radicular dentin in CH-CHX group which could be due to the release of ROS. In the present study CHCHXLP group, the LP might have neutralized the ROS produced in CHCHX combinations and resulted in no statistical significance difference in compressive strength of radicular dentin at 1-week and 1-month time interval.

The quenching of ROS by LP may be due to its structure containing high number of conjugated double bonds, which has the maximum oxygen-quenching ability. This is a physical quenching process that is, the carotenoid remains intact and can undergo further cycles of single oxygen quenching. Further, LP effectively deactivates the electronically excited sensitizer molecules that are involved in the generation of radicals and singlet oxygen.\[[@ref22][@ref23]\]

The null hypothesis of this study is that there would be no difference in the fracture resistance of radicular dentin after addition of LP to CH-CHX mixture at 1-week and 1-month time interval was rejected. This is because there is a significant difference in increased compressive strength of radicular dentin in CHCHXLP when compared to CHCHX group.

CONCLUSION {#sec1-5}
==========

Within the limitations of this study, it can be concluded that addition of LP to CH and CHX mixture has not decreased the fracture resistance of radicular dentin after 1-month. However, this result is more encouraging and need to be validated with a larger sample size, long-term evaluation with *in vitro* models and randomized control trials before extrapolating these results into the clinical scenario.
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